A hybrid electrical-optical circuit board is demonstrated using polysiloxane as low loss and high-temperature stable waveguide material system. After board lamination at 180°C for two hours and a subsequent temperature treatment at 230°C for 5 minutes the waveguide insertion loss is 0,05 dB/cm at 850 nm wavelength.
Introduction
Next-generation internet switches and high-end computers are expected to process aggregate data rates in the order of Tbit/s. In consequence, the interconnections between the processing units will have to handle data rates in the order of 10-40 Gbit/s.
It is, however, well known from basic physical laws that electrical interconnections will suffer from high transmission losses and severe signal integrity problems at such data rates /1/. In order to overcome the evident high-speed interconnection bottleneck, optical interconnects are considered the preferred option. In Gbit/s-rack-to-rack interconnections with link lengths in the order of several meters, the widespread solution is the commercial fibre-ribbon cable in combination with high speed parallel OE-modules. If, however, interconnection lengths come down to the order of 1m, e.g. in backplanes, integrated optical waveguides are considered more economical /2/.
The integration of optical waveguides in printed circuit boards as well as in backplanes imposes severe requirements on the materials and processes involved. Some of them are: High transparency of the waveguide materials (< 0,1dB/cm) in the standardized interconnect wavelength window of 850 nm, high temperature stability to overcome standard multilayer printed circuit board lamination process temperatures at 180°C for two hours and especially the soldering reflow process temperature of 230°C for 5 minutes, large area processing capability (> 0,5m x 0,5m), and cost effective mass production. All of these properties have already been demonstrated individually, but no technology has been reported yet, which fulfils all of them simultaneously. In this paper we present a new waveguide technology based on casting of polysiloxane which comprises all essential features for a low cost mass production of electrical-optical circuit boards.
Materials
High transparent polysiloxane is widely used in electronics industries, e.g. to encapsulate LEDs. In addition to the low optical loss, the advantages of polysiloxane for integrated waveguide fabrication in printed circuit boards are the high thermal stability, the extreme moulding precision and the large area processability.
The transmission loss of optical grade polysiloxane bulk samples has been measured to 0,02 -0,04 dB/cm in the 850 nm wavelength window. The transmission spectra of core and cladding materials are almost identical. The material system reported in this paper is a special development of Wacker Chemie GmbH, Burghausen, in close cooperation with AG MST at the University of Dortmund.
The thermal stability of the polysiloxane materials has been studied by measuring the transmission spectra of bulk samples after curing them at room temperature, after a subsequent exposure at 180°C for two hours and after a final exposure at 230°C for five minutes (Fig. 1) . This temperature treatment simulates the real process conditions at multilayer board lamination and at reflow soldering. Except in the ultraviolet region (200 nm to 400 nm) there is no significant change in the optical transmission loss, especially around 850 nm. A slight increase in transmission loss is observed only at temperatures above 270°C which makes the material very suitable even for lead free soldering processes.
Waveguide fabrication
Reactive ion etching and UV-curing have been reported for waveguide fabrication in polysiloxane /3,4/. We have adopted casting in combinatation with the doctor blade technique as a new polysiloxane waveguide fabrication method. The main advantages of this technology are that it imposes no restrictions on the waveguide cross sections, which is important for multimode waveguides, and that has the unique feature of simultaneously fabricating optical waveguides together with integrated micro mirrors and passive alignment structures for OE-module coupling. Furthermore, casting in combination with the doctor blade technique is well compatible with large area printed circuit board production technologies.
In /5/ we have shown the conventional groove filling method for polysiloxane waveguide fabrication. Here we present a more suitable casting technology, which starts with the fabrication of the waveguide cores (Fig. 2) . First, a casting mould for the waveguide core layer is generated by using thick photo resist technology followed by electroplating. In our experiments we applied standard 6"-photoresist technologies; however, in PCB-and flat-panel-display production large format photo resist and electroplating processes are available.
The first step in waveguide fabrication is the casting of the waveguide cores by using the doctor blade technique. After curing, the waveguide substrate layer is deposited again by casting and curing. In the next step the resulting core-substrate compound is removed from the mould and covered by a cladding layer. Fig. 3 shows the cross section of a realized waveguide layer. The waveguides have core sizes of 70µm x 70µm and a numerical aperture of 0,26. The total thickness of the optical layer is 200µm.
Electrical-optical circuit board
In the last step the optical layer is laminated between two FR4 boards by standard PCB-processes at 180°C for two hours. Good adhesion to the FR4 is achieved by using special adhesion promoters. The board stability has been tested against soldering reflow conditions by subsequent annealing up to 230°C for 5 minutes. No degradation effects in the optical transmission could be observed. The optical transmission loss of one of the several integrated waveguide arrays is shown in Fig. 4 . Typical waveguide loss figures at 850 nm are 0,05 dB/cm measured by the cut back method.
For optical coupling in and out of the board, the micro mirror technology will be applied which has already been reported in /6/. 
